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Purpose: To define the prevalence of popliteal artery occlusion during active plantar 
flexion in normally active and highly trained young volunteers by measuring plantar 
flexion force and to assess the force level associated with popliteal artery occlusion. 
Methods: Eighty-four limbs of 42 healthy subjects were studied. Eighteen subjects were 
highly trained athletes, and 24 were normally active persons. Plantar flexion was progres- 
sively performed in prone position against a scale. Plantar flexion force was measured in 
kilograms. After determination f the maximum strength (Pm~x) of plantar flexion force, 
the level necessary to occlude the popliteal artery (Pocd) was assessed by continuously 
monitoring that vessel using color duplex sonography. 
Results: Occlusion of the popliteal artery during plantar flexion was observed in 88.1% of 
the subjects and 77.4% of the limbs. No significant differences in prevalence were found 
between athletes and normally active subjects. The popliteal artery occluded at a mean 
plantar flexion force of 45.1 4" 11.5 kg, which corresponded with 70.1% +- 16.8% of the 
maximum force exerted uring the provocation test. Pocd was not significantly different 
between lower limbs of athletes and nonathletes. Although in lower limbs of athletes the 
popliteal artery occluded at a significantly ower relative force as compared with normally 
active subjects (65.6% - 17.4% vs 74.5% +- 17.4% of Pm~,; p < 0.02), the difference was a 
result of two extremely ow values found in a female athlete. 
Conclusion: Positional occlusion of the popliteal artery during active plantar flexion is 
commonly found in young healthy volunteers. Prevalence of the phenomenon depends 
on the force level exerted uring active plantar flexion. Popliteal artery occlusion during 
active plantar flexion is not more frequent in athletes and occurs at a similar force level 
than in normally active subjects. (J Vasc Surg 1997;26:281-7.) 
Popliteal artery entrapment syndrome (PAES) is de- 
fined as an anomalous relationship between the pop- 
liteal artery and its surrounding muscular or tendi- 
nous structures. Repetitive traumatization of the 
vessel may lead to thrombotic occlusion, peripheral 
embolization, or aneurysm formation. 1-6 The syn- 
drome typically involves young patients who seek 
medical attention for intermittent claudication or 
limb-threatening ischemia. 
Documentation of popliteal artery occlusion or
significant compression has been regarded as specific 
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for diagnosis of PAES. Usually, flow cessation in the 
tibial arteries during plantar flexion recorded by 
continuous-wave Doppler has been the noninvasive 
diagnostic method of choice. 3,7-9 More recently, 
color duplex sonography, computed tomographic 
examination, and magnetic resonance imaging have 
been used for the direct assessment of vessel occlu- 
sion or compression during the provocation maneu- 
ver.10-1s 
In 1985 Rignault et al. described a functional 
type of PAES comprising patients with signs and 
symptoms of a typical PAES, who, however; lack an 
anatomical muscular or tendinous anomaly. 9 Because 
the functional form of PAES often was observed in 
athletes, it was assumed that popliteal artery com- 
pression is caused by hypertrophy of the muscles of  
the popliteal fossa. 9 Because further investigations 
showed that popliteal artery compression may also be 
found in asymptomatic volunteers, uncertainty arose 
regarding the positive predictive value of popliteal 
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further explanation, see text. 
Table I. Group characteristics ofnormally 
active subjects and athletes 
Normally 
active Athletes Total 
Subjects 24 18 42 
Female 10 7 i7  
Age (yr) 32.6 -+ 12.8 28 -+ 10.8 30.6 -+ 12.1 
Body weight (kg) 66.5 -+ 12.9 66.8 +- 13.2 66.6 +- 12.9 
artery compression during plantar flexion for the 
diagnosis of PAES. In fact, several authors demon- 
strated that popliteal artery compression during plan- 
tar flexion is frequently found in normal subjects 
during the provocation maneuver .  7,1°,11,13,16 How- 
ever, there is still considerable disagreement i  the 
literature regarding the prevalence of the phenome- 
non in normal asymptomatic persons. 
The disagreement most probably results from 
differing experimental protocols. In most studies 
plantar flexion was performed by simple active posi- 
tioning of the foot, whereas others used active flex- 
ion against an uncontrolled resistance. In none of the 
investigations was the force of plantar flexion mea- 
sured in relation to popliteal artery compression. 
However, popliteal artery compression or occlusion 
most probably depends on the strength with which 
the maneuver is performed. Moreover, the force level 
at which popliteal artery occlusion occurs may be 
lower in athletes compared with normally active per- 
sons, which would explain the preferential occur- 
rence of functional PAES in this group. 
The aim of the present study was therefore to 
define the prevalence of popliteal artery occlusion 
in normally active and highly trained young volun- 
teers based on a standardized protocol controlling 
the force of plantar flexion; and to assess the force 
level associated with popliteal artery occlusion in 
the two groups. For this purpose we used color 
duplex sonography to directly evaluate popliteal ar- 
Fig. 1. Experimental setup. For 
le 
tery compression during neutral position and plantar 
flexion. 
PATIENTS AND METHODS 
Eighty-four limbs of 42 healthy subjects (17 women 
and 25 men) were studied. The patients' mean age 
was 30.6 + 12.1 years. Eighteen subjects were highly 
trained athletes who performed a type of sport that 
particularly involved the calf muscles, such as run- 
ning, football, or tennis. The remaining subjects 
were normally active persons and did 'not perform 
sports on a regular daily basis. Characteristics of the 
athletes and the normal active group are given in 
Table I. Informed consent was obtained from each 
subject. 
Examinations were performed in the prone posi- 
tion. With the lcnee joint slightly flexed, active plan- 
tar flexion was conducted against a commercially 
available scale (Princesse, Zurich, Switzerland) that 
was fixed vertically on the wall. The force of plantar 
flexion was measured in kilograms. The angle be- 
tween the plantar aspect of the foot and the surface of 
the scale was approximately 50to 60 degrees, which 
allowed the subject o reach maximum flexion of the 
foot during the provocation maneuver. To prevent 
cranial movement of the whole body during active 
plantar flexion, the shoulders of the subjects were 
supported by a rack mounted on the examination 
bed. Fig. 1 illustrates the experimental setup. 
The subjects were first asked to perform plantar 
flexion as forcefully as possible against he scale to 
obtain maximum strength (Pmax)" Then the popliteal 
artery was examined by color duplex sonography 
(Acuson 128; Acuson Inc., Mountain View, Calif.) 
in a transverse section using 5 or 7 MHz linear 
scanners. The subjects were instructed to progres- 
sively perform plantar flexion against the scale while 
the popliteal artery was visualized by duplex scanning 
with the color gain set as sensitive as possible. The 
popliteal artery was considered occluded if the pulsa- 
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Fig. 2. Color duplex sonography of popliteal artery (transverse section) in n rmal position 
(upper panel) and during active plantar flexion (lower panel). In normal position, color flow 
signal ofpopliteal rtery is well visualized. During plantar flexion, vessel i  compressed and flow 
signal completely disappears. 
tile color flow signal completely disappeared (Fig. 2). 
The force of plantar flexion was documented atthis 
time point and was defined as Pond. The absence of 
popliteal artery occlusion was documented if the 
color flow signal was still present when P .... was 
reached uring plantar flexion. Duplex examinations 
were performed at the middle and distal part of the 
popliteal artery. For further calculations, the lowest 
value of Pond was used. The percentage of Pocd on 
Pmax described the relative strength (Prd) raised at 
the time ofpopliteal artery occlusion. All values were 
calculated as a mean value of three repeated measure- 
ments. 
To ensure that disappearance of the color flow 
signal in the popliteal artery corresponds to vessel 
occlusion, the posterior tibial artery was also in- 
vestigated by the continuous-wave Doppler tech- 
nique in all subjects. Pocd was determined on the 
basis of the criteria described above and by the 
disappearance of the flow signal in the posterior 
tibial artery. For determination of Pocd, both 
methods highly correlated, with a correlation coef- 
ficient of r = 0.93. 
To test the reproducibility ofthe parameters Pmax 
and Pocd, measurements were repeated five times in 
four subjects, including rearrangement of the exper- 
imental setup. The subjects were randomly chosen 
from the entire group of healthy volunteers and in- 
cluded three normally active subjects and one ath- 
lete. 
Results are given as mean + standard eviation. 
Differences between the groups of athletes and nor- 
mally active subjects were analyzed using the ×2 test 
or the Mann-Whitney U test as appropriate. A p 
value less than 0.05 was considered significant. Re- 
producibility of Pmax and Pond was expressed by cal- 
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Table II, A. Prevalence of popliteal artery 
occlusion during active plantar flexion in 
normally active subjects and athletes 
Normally 
active Athletes Total 
Subjects 24 18 42 
Occlusion 20 (83.3%) 17 (94.4%) 37 (88.1%) 
Unilateral 5 (25%) 2 (11.8%) 7 (18.9%) 
Bilateral 15 (75%) 15 (88.2) 30 (81.1%) 
No occlusion 4 (16.7%) 1 (6.2%) 5 (11.9%) 
Table II I .  P . . . .  Po~l, and Prel in lower 
limbs of normally active subjects and athletes 
Normally 
active Athletes Total 
Pmax (kg) 58.4 + 15.7 66.4 + 14.2" 61.8 + 15.5 
Poccl (kg) 44.4 + 13.9 45.8 + 9.0 45.1 + 11.5 
P~e~ (%) 74.5 + 15.4 65.6 + 17.4" 70.1 + 16.8 
*p < 0.02 compared with normally active subjects. 
Table II ,  B. Prevalence ofpopliteal artery 
occlusion during active plantar in lower limbs 
of normally active subjects and athletes 
Normally 
active Athletes Total 
Lower limbs 48 36 84 
Occlusion 35 (72.9%) 32 (88.9%) 67 (79.8%) 
No occlusion 13 (27.1%) 4 (12.5%) 17 (20.2%) 
culating the coefficient of variation for the five re- 
peated measurements in a given individual. 
RESULTS 
Prevalence of  popliteal artery occlusion. Pop- 
liteal artery occlusion during plantar flexion was ob- 
served in 88.1% of all subjects and 77.4% of all limbs, 
respectively (Table II, A and B). The phenomenon 
was bilateral in 81.1% and unilateral in 18.9% of all 
volunteers. In lower limbs of athletes popliteal artery 
occlusion tended to be more prevalent (94.4% of the 
limbs) than in the group of normally active persons 
(83.3% of the limbs; p = 0.07). The trend toward a 
higher prevalence in athletes was a result of a some- 
what higher frequency of bilateral vessel occlusion in 
this group. 
Force of  plantar flexion. For all lower limbs, 
the mean Prnax was 61.8 + 15.5 kg. In lower limbs of 
athletes, the mean Pmax was significantly higher than 
in the group of normally active subjects (66.4 + 14.2 
kg vs 58.4 + 15.7 kg; p = 0.02; Table III). In four 
lower limbs of two normally active subjects that did 
not exhibit popliteal artery occlusion during plantar 
flexion, Pm~x was lower than 40 kg. There was a 
positive correlation between Pm~x and body weight 
(r = 0.52), as well as between Pr~ and body height 
(r = 0.44). Lower limbs that did not exhibit popli- 
teal artery occlusion during plantar flexion showed a 
significantly lower Pmax as compared with the lower 
limbs in which popliteal artery occlusion was docu- 
mented during the provocation maneuver (48.8 + 
13.0 kg vs 65.0 + 13.9 kg; p < 0.0001). 
The mean Poccl was 45.1 + 11.5 kg for all lower 
limbs investigated. This corresponds to 70.1% + 
16.8% of the maximum force raised during plantar 
flexion. A positive correlation (r = 0.45) was found 
between Pocd and Pm~x" No correlation existed be- 
tween Poet1 and body weight 6r between Poccl and 
body height. 
The popliteal arteries of athletes and normally 
active subjects occluded at a similar mean plantar 
flexion force level. Po,cl was 45.8 + 9 kg for lower 
limbs of normally active subjects and 44.4 + 13.9 kg 
for the athlete group (Fig. 3, A). Notably, one fe- 
male athlete xhibited substantially lower values for 
Pocd in both legs (12 and 13 kg) than were found in 
the remaining subjects. Both values were well below 
the mean minus two standard eviations of Po¢cl as 
calculated for all other subjects. I f  these extreme 
values were excluded, both groups showed an almost 
identical distribution of the individual values for 
Poccl, ranging from 26 to 65 kg (Fig. 2, A). In the 
female athlete, magnetic resonance imaging was per- 
formed and confirmed bilateral popliteal artery oc- 
clusion with simple active plantar flexion. However, 
no anatomic abnormality was found in the popliteal 
fossa. 
If Prcl was compared, significant differences ex- 
isted between the two groups. Whereas in normally 
active subjects popliteal artery occlusion occurred at 
a mean value of 74.5% + 15.4% of the maximum 
force raised during plantar flexion, the popliteal ar- 
teries of athletes occluded at a lower mean relative 
force of 65.6% + 17.4% (p < 0.02; Table II). How- 
ever, if the two extreme values of the female athlete 
mentioned above were excluded again, no significant 
differences between the groups were found (Fig. 3, 
B). 
Reproducibility.' Repeated measurements for 
Pmax and Poccl showed good reproducibility of the 
parameters. Individual variation coefficients for Pm~x 
ranged between 3.6% and 12.7%, with a mean of 
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Fig. 3. A, Plantar flexion force at popliteal rtery occlusion (Pocd; in kg) in lower limbs of
athletes (n = 32) and normally active subjects (n = 35). Note two extreme values in athlete 
group, which belong to a female subject with bilateral popliteal artery occlusion. B, Plantar 
flexion fbrce at popliteal artery occlusion as a percentage of the maximum force raised during 
plantar flexion (Prel; in percent). Two lowest values in athlete group belong tosame female 
subject mentioned above. 
9.4% + 4%. Similar values were found for Pocd. The 
mean variation coefficient was 8.7% + 6% (range, 
3.3% to 15.2%). 
DISCUSSION 
We have observed that popliteal artery occlusion dur- 
ing plantar flexion may be provoked in most of the 
young healthy volunteers investigated. By control- 
ling the force of plantar flexion and by challenging 
the subjects to increase their force progressively 
up to the individual maximum, the phenomenon of
vessel occlusion could be documented in 88.I% of 
all subjects and 77.4% of all limbs, respectively. We 
only considered complete occlusions of the popliteal 
artery in our study protocol, because incomplete 
compression of the artery during the provocation 
maneuver might be difficult to define. We could 
demonstrate that vessel occlusion obse~ed with 
color duplex sonography highly correlated with the 
disappearance ofthe flow signal obtained with hand- 
held continuous-wave Doppler at the ipsilateral pos- 
terior tibial artery. Because only vessel occlusions 
were considered, the prevalence of significant popli- 
teal artery stenosis during active plantar flexion most 
probably was even underestimated in our study. 
Compared with the literature, our prevalence 
rates are higher than reported in most of the previous 
studies. 7-tl,]3,16 Rignault et al. 9 reported on positive 
test results in 30% of subjects in an unselected group 
of young healthy subjects and 50% in athletes based 
on the disappearance of the Doppler signal in the 
posterior tibial artery during plantar flexion. Erdoes 
et al. 13 showed with duplex sonography that the 
popliteal arteries of 53% of asymptomatic young vol- 
unteers occluded by simple active plantar flexion of 
the foot. Somewhat higher prevalence rates--be- 
tween 59% and 69%--have been reported by other 
investigators in healthy persons using methods in- 
cluding continuous-wave Doppler, duplex sonogra- 
play, and magnetic resonance angiography. 7,1°,n 
Contrasting with these studies, Miles and coworkers 8 
described normal Doppler waveforms in the poste- 
rior tibial artery during plantar flexion in all the 
healthy subjects investigated. However, subjects had 
their knee in a 60% flexed position, which greatly 
reduces muscle tension in the popliteal fossa. 
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The high prevalence ofpopliteal artery occlusion 
during active plantar flexion found in our study is not 
astonishing because the absence of popliteal artery 
occlusion was only diagnosed if the previously deter- 
mined maximum force of plantar flexion (Pmax) was 
reached. This standardized procedure with objective 
measurement of plantar flexion force most probably 
provokes a more powerful muscle contraction than 
simple active positioning used in most of the previ- 
ous reports, thus resulting in a higher prevalence of 
popliteal artery occlusion. In fact, the studies of 
Chernoff et al., ll Akkersdijk et al., 1° and Haschka et 
al., 7 in which plantar flexion was performed against a
rigid but uncontrolled resistance, reported the high- 
est prevalence rates of popliteal artery occlusion in 
healthy volunteers, ranging between 65% and 69%. 
By continuously measuring the force of plantar 
flexion we defined the force level at which the popli- 
teal artery occluded. We found that the mean force 
necessary to occlude the vessel was 45.1 + 11.5 kg in 
all subjects, which corresponds to approximately 70% 
of the mean maximum force reached uring plantar 
flexion. This force level was well reproducible using 
the experimental setup used in the study. The find- 
ings demonstrate hat in healthy subjects occurrence 
of popliteal artery occlusion during plantar flexion 
depends on the force with which the provocation 
maneuver is performed. If a nonstandardized provo- 
cation test is used, the force level necessary to oc- 
clude the popliteal artery may not be reached by a 
substantial part of the subjects. Particularly, this ac- 
counts for uncontrolled simple active positioning of 
the foot and may very well explain the differences of 
prevalence rates that exist in the literature. It must be 
noted that in our study Pmax was significantly ower 
in legs in which popliteal artery occlusion during 
plantar flexion was not observed as compared with 
legs that exhibited vessel occlusion. In the four lower 
limbs of two normally active subjects that did not 
show popliteal artery occlusion during the provoca- 
tion maneuver, Pmax was even lower than 40 kg. 
Therefore, even with our standardized procedure, we 
cannot exclude that with a low Pmax the force devel- 
oped may not be sufficiently high to occlude popli- 
teal artery during the test. 
Several studies suggest a higher prevalence of 
popliteal artery occlusion in highly trained subjects 
during active plantar f lexion. 7,9'16 Moreover, athletes 
who exhibited vessel occlusion without anatomic ab- 
normalities eemed more frequently to have symp- 
toms that suggested PAES and were reported to be 
free of symptoms after operative xploration2 a6 This 
particular group was believed to have a functional 
type of PAES, and it was hypothesized that muscle 
hypertrophy may account for the higher prevalence 
of both the phenomenon and the syndrome in ath- 
letic persons. However, it is a matter of debate 
whether the symptoms are caused by an intermit- 
tently reduced blood supply or are caused by com- 
pression of the tibial nerve runiaing in the same 
compartment asthe popliteal vessel. 16 
In contradiction to the reports of Rignault et al.,9 
Turnipseed and Pozniak, 16 and Haschka et al. 7 but in 
accordance with a recent study by Erdoes et al., 13 we 
were not able to document a higher prevalence of 
popliteal artery occlusion in athletes compared with 
normally active subjects during plantar flexion. This 
observation fits well with our finding that athletes 
and normally active subjects exhibited asimilar mean 
force (Pocd) of plantar flexion at which popliteal 
artery occluded. If one would assume that athletes 
have a higher prevalence ofpopliteal artery occlusion 
as a result of muscle hypertrophy, one would expect 
to find a lower force level necessary to occlude the 
popliteal artery in athletes as compared with nor- 
really active persons. The finding of similar mean 
force levels does not support the hypothesis that 
muscle hypertrophy plays a significant role in the 
physiologic and pathophysiologic mechanism of 
popliteal artery compression during active plantar 
flexion in athletes. Rather, one may argue that with- 
out the control of the plantar flexion force athletes 
exert higher plantar flexion forces during the provo- 
cation maneuver than do normally active subjects, 
thus explaining the higher prevalence of popliteal 
artery occlusion during plantar flexion in athletes 
that is reported in the literature. 
Notably, one female athlete xhibited extremely 
low values for Poccl in both legs. Because we could 
not detect aW anatomic abnormality in the popliteal 
fossa in this particular person by magnetic resonance 
imaging, we cannot exclude that regular muscle 
structures in the popliteal fossa contributed to the 
occlusion of the popliteal artery at a low plantar 
flexion force in this subject. However, small aberrant 
tendinous tructures may be difficult to document 
even by magnetic resonance imaging or computed 
tomographic examination. 1° 
Our data show that popliteal artery compression 
or occlusion during plantar flexion is commonly 
found in healthy volunteers and depends on plantar 
flexion force. Documentation of the phenomenon 
does not necessarily indicate popliteal artery entrap- 
ment. One may argue that the force of plantar flexion 
necessary to occlude the popliteal artery is a crucial 
parameter to differentiate between "physiologic" and 
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pathologic vessel occlusion dur ing the provocat ion 
test. Whether  subjects with popliteal artery entrap- 
ment  syndrome as a result o f  abnormal  anatomy of  
the popl iteal fossa need substantially lower plantar 
flexion forces to occlude the popliteal artery compared 
with subjects with a normal anatomy must be further 
evaluated. Another interesting question raised by the 
study is whether asymptomatic subjects with low force 
levels, as shown for one female athlete, will be prone to 
develop symptoms of  PAES in the future. 
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